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ARTICLE INFO ABSTRACT

Keywords: Humans have shot raptors for centuries. However, in many countries these actions have been
Birds of prey illegal since the mid-twentieth century. Despite this history, there is not a comprehensive un-
Criminology

derstanding of the characteristics of this activity, its frequency, and why it occurs. We used
literature review and principles drawn from ecology, sociology, and criminology to understand
this problem. First, we review literature on raptor shooting globally to explore documented
motivations for shooting and we describe the history of raptor shooting in the United States of
America (USA). Then, to illustrate the contemporary frequency and geographic breadth of the
shooting of raptors, we systematically compile records from scientific and media reports from
across the USA. Finally, we outline a transdisciplinary framework to meet the challenge of un-
derstanding and managing illegal shooting of raptors. Our framework encompasses six best
practices: (1) understand the biology of the problem, (2) build professional networks and part-
nerships, (3) leverage engagement and public support, (4) apply insights from study of human-
wildlife interactions, (5) draw lessons from criminology, and (6) use implementation science to
evaluate outcomes. We illustrate application of these best practices with a case study from an
Illegal Shooting Working Group recently formed in Boise, Idaho, USA. There is growing recog-
nition that illegal shooting of raptors is a pressing conservation challenge. Solving this challenge
can be facilitated by inclusion of information from multiple fields of study; the approach we
outline provides one potential mechanism to address this issue.

Raptor
Human-wildlife interactions
Illegal shooting

1. Introduction

Human actions affect biodiversity worldwide (Hunter, 2007). Activities tied to consumption or economic development such as
overfishing, habitat fragmentation, herbicide use (Hunter, 2007), grazing, and agriculture (Steidl and Powell, 2006) can have
widespread negative impacts on wildlife. Additionally, activities tied to recreation such as off-road travel, hiking, cycling, rock
climbing, and dog walking also can negatively impact wildlife populations (Steidl and Powell, 2006; Steven et al., 2011; Covy et al.,
2019).

In the case of birds, threats from humans are pervasive and diverse (Rosenberg et al., 2019; Canney et al., 2021). For example,
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collisions (e.g., with vehicles, fences, communication towers, energy infrastructure [Loss et al., 2015]), electrocutions (Loss et al.,
2014), lead poisoning (Slabe et al., 2022), and pesticide exposure (Russel and Franson, 2014) can all be detrimental to avian pop-
ulations. Short-term adverse effects of these threats may include changes in behavior of individual animals (Steidl and Powell, 2006)
and in energy demands (Bélanger and Bédard, 1990), whereas longer-term adverse effects may include, but are not limited to, shifts in
the distribution of at-risk species, reduced reproductive success, endangerment, and extinction (Steven et al., 2011; Garvin et al., 2020;
Yang et al., 2021; McClure et al., 2023).

Many species are legally shot as game animals, with management and regulations implemented to promote the long-term viability
of their populations. However, illegal shooting of non-game species, including protected species, is a prominent threat of global
conservation relevance (Sandor et al., 2017; Katzner et al., 2020). Raptors (birds of prey) in particular are illegally shot with especially
high frequency and, because of their demography, this shooting can have relevant impacts for populations (Newton, 2010). Recent
work has shown that in the western United States of America (USA), raptors are illegally shot with far greater frequency than was
previously recognized. The problem is so pervasive in this region that illegal shooting is a leading cause of death of golden eagles
(Aquila chrysaetos; Millsap et al., 2022), and, in one recent study, > 65% of birds found dead along power lines were illegally shot
(Thomason et al., 2023).

Although there is increasing awareness of the illegal shooting of raptors, there is not a broad-scale understanding of the charac-
teristics of this activity, its frequency, and why it occurs. To understand the ecological and conservation significance of illegal shooting
of raptors, we reviewed globally published literature to identify motivations for shooting raptors. Subsequently, we systematically
reviewed scientific and media reports to explore the history and geography of raptor shooting within North America. Finally, we
developed best practices to understand the complex nature of illegal shooting and to develop appropriate strategies to manage and
mitigate this threat.

2. Why are raptors shot?

Historically, governments offered bounties to kill raptors because they were predators or perceived as nuisance species
(Pohja-Mykra et al., 2012; Madden et al., 2019). Today, in many countries, raptors are protected but continue to be shot illegally.
There are a number of reasons documented for why people continue to engage in this illegal activity.

A commonly cited motivation for shooting raptors is to protect livestock and domestic animals (Sergio, 2001; Solbakken, 2016;
Almuna et al., 2020; Restrepo-Cardona et al., 2020; Salom et al., 2021; Zuluaga et al., 2021). Raptors are predatory and often
opportunistic in prey selection. Consequently, they occasionally prey on or scavenge carcasses of animals that humans wish to protect
or use. This type of predatory or scavenging behavior may contribute to negative perceptions of raptors. Furthermore, as human
livelihoods may depend upon the health and safety of livestock, the welfare of domestic animals may be seen as superseding the
welfare of predators or scavengers.

Similarly, people may shoot raptors near fish hatcheries and aquaculture facilities (Monson, 1996; Bechard and Marquez-Reyes,
2003; Restani, 2023). Fish is the main food source for osprey (Pandion haliaetus) and fish eagles (e.g., Haliaeetus spp., Icthyophaga
spp). Therefore, facilities that support large concentrations of fish may be especially attractive to these birds (Miron and Chowdhury,
2019; Otiendo, 2019). Communities that rely on fish for sustenance, income, or the management of fish resources, consequently, may
deploy tactics, including shooting, to reduce predation at fish hatcheries and aquaculture facilities (Bechard and Marquez-Reyes, 2003;
Restani, 2023).

Another common motivation for shooting raptors is a belief that these predators interfere with hunting opportunities for humans
(Sergio, 2001; Real et al., 2001; Whitfield et al., 2003; Gonzdlez et al., 2007; Amar et al., 2012). Raptors prey upon small and
medium-sized animals, some of which are popular game species for hunters. Consequently, people may shoot raptors to reduce
competition for game resources. A relatively high-profile example involves the decades-old and ongoing conflict between raptors and
humans on grouse moors in the United Kingdom (UK), where gamekeepers kill large numbers of raptors to protect or enhance game
bird populations for hunting purposes (Whitfield et al., 2003; Thirgood and Redpath, 2008).

The global wildlife trade is one of the most prosperous criminal enterprises in the world, and raptors are not exempt from this threat
(Kurland and Pires, 2017). The illegal trade of raptors and their derivatives (e.g., heads, feet, feathers) drives persecution in some
regions (Buij et al., 2015). For instance, vultures and eagles are sometimes killed so that their feathers and body parts can be used for
belief-based purposes, i.e., traditional medicine and cultural rituals (Ogada et al., 2012; Kret et al., 2018; Negro, 2018). In some cases,
humans also target birds fitted with transmitters as the electronic devices may be sold and are, therefore, a source of income (Kret et al.,
2018).

Although financial motivations may drive the shooting of raptors in some situations, people also shoot raptors for the intangible
thrill they obtain from ‘killing for sport’ (Campbell and Verissimo, 2015; Sandor et al., 2017; Madden et al., 2019). Killing raptors for
sport is documented at migration bottlenecks in Eurasia and on raptor wintering grounds in the Middle East (Raine et al., 2016; Sandor
et al., 2017; Rabio and Salama, 2018; Raine et al., 2022). Illegal sport killing of raptors can result in many animals being killed in a
short timespan or a relatively narrow geographic region. Some people illegally killing raptors for sport may shoot indiscriminately at
any bird crossing their path, while others take a more methodical approach by targeting birds at roost sites (Ellis et al., 1969; Raine
etal., 2016). In contrast to the situation that occurs with wildlife trade, the carcasses of birds illegally shot for sport often are left on the
landscape without substantial parts or feathers removed.
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3. Shooting of raptors in North America-past to the present

As the previous section illustrates, illegal shooting of raptors occurs for a multitude of reasons and in numerous regions of the
world. The following review is focused on the history of raptor shooting within North America. We take this approach because the
history is unique and there is over a century of documentation describing raptor shooting activities in North America and, specifically,
from within the USA.

Throughout the 19th and early 20th centuries, hundreds of thousands of raptors died in North America through government-
sanctioned bounties and for sport (Woodgerd, 1952; Madden et al., 2019). To stop this shooting, conservationists in 1938 estab-
lished one of the world’s first non-governmental sanctuaries for birds of prey at Hawk Mountain Sanctuary in Pennsylvania (Goodrich,
1996). Today Hawk Mountain Sanctuary is well known for bird watching and migration counts. However, in the 1920s and 1930s,
prior to the establishment of the sanctuary, shooting was one of the most common pastimes at this important raptor migration site. In
fact, records indicate that during periods of peak migration, hundreds of raptors were shot daily (Goodrich, 1996).

The actions of Rosalie Edge, who purchased the land for Hawk Mountain Sanctuary, and other conservationists were part of a
movement based on an appreciation for birds of prey (Bildstein, 2008). Over time, as awareness grew of the ecological importance of
birds and the effects of indiscriminate take on wild bird populations (e.g., passenger pigeon; Schulz et al., 2014), several US states
afforded government protections to raptors. Then, in 1940, the USA made an early federal effort to protect raptors, focused on the bald
eagle (Haliaeetus leucocephalus), by enacting the Bald Eagle Protection Act. This act was amended in 1962 to include golden eagles
(Aquila chrysaetos) and was renamed the Bald and Golden Eagle Protection Act (BGEPA, 2023). In 1972, all species of raptors received
federal protection under an updated Migratory Bird Treaty Act (MBTA, 2023). With these protections and laws in place, shooting any
raptor species without a difficult-to-obtain permit became illegal in the USA.

Although nationwide blanket protections for raptors reduced the frequency of large-scale events where multitudes of raptors were
killed in a single day, illegal shooting has continued (Bildstein, 2008). For example, records from the period 1975-2014 describing
injured birds brought to rehabilitation facilities or the necropsy of dead birds suggest that shooting accounted for 10-25 % of observed
raptor mortalities (Fix and Barrows, 1990; Franson and Little, 1996; Russel and Franson, 2014; Hernandez et al., 2018). Similarly, bird
banding recovery data also illustrate regular shooting of raptors during the period 1925-2015 (Ritchie and Ambrose, 1995; Hoffman

News Articles -
1 12

Fig. 1. Map illustrating the geographic distribution of raptor shooting within the USA. Colors indicate number of news articles on raptor shooting in
the USA between the years 2000 and 2021 (n = 210). Numbers written within state boundaries indicate the 207 recorded raptor shooting incidents
between 2000 and 2021, by state, from records provided by the Teton Raptor Center in Wyoming, the USGS National Wildlife Health Center, and the
USGS Bird Banding Lab, and in a scientific publication on causes of death of golden eagles telemetered between 1997 and 2013 (Millsap et al.,
2022). States without numbers written within state boundaries indicate zero records of raptor shooting in that particular state.
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et al., 2002; Lutmerding et al., 2012; McIntyre, 2012; Morrison and Baird, 2016). Further, recent telemetry studies (Millsap et al.,
2022) and surveys along power lines (Katzner et al., 2020; Thomason et al., 2023) indicate that raptor shooting continues today,
despite the laws that forbid this activity.

Although evidence suggests many examples of seemingly random events where raptors are shot, there is also evidence of targeted
raptor shootings. In the 1960s, a study of the causes of death of 48 raptors along power lines in western Utah suggested that nearly all
had been shot (Ellis et al., 1969). Another study of raptor mortality along power lines in Montana found that among raptors with a
known cause of death, 84 % died from gunshot (Olson, 1999). More recently, 60-70 % of the raptors found dead along power lines in
southwest Idaho had been shot (Katzner et al., 2020; Thomason et al., 2023). Furthermore, Millsap et al. (2022) concluded that
shooting was the leading cause of death of golden eagles in the western United States after the eagles reached their first year of life.

Collectively, these studies suggest illegal shooting is more pervasive than generally recognized or documented. Likewise, data also
indicate birds are commonly shot along power lines, contradicting a common assumption that most birds found dead along power lines
die from electrocution or collision. Raptors may also be more likely to be shot near roads, within conservation areas, and near areas of
high human population density (Katzner et al., 2020). Interestingly, some studies point to a possible relationship between illegal
shooting of raptors and legal recreational shooting (Ellis et al., 1969; Katzner et al., 2020; Thomason et al. in review). Thus, by
examining the context of when, where, and how raptors die, researchers can gain insight into the environmental, biological, and social
factors involved in the illegal shooting of these protected birds.

4. Contemporary geography of raptor shooting in North America

To provide further insight into raptor shooting in the USA, we systematically reviewed publicly accessible news articles and
examined injury and mortality data provided by researchers and wildlife health and rehabilitation centers.

In January 2022, we used the Google Trends (n.d.) online search engine to search for news articles that reported on the shooting of
raptors in each of the 50 US states. We conducted 150 separate queries with the search phrases: [“raptor shot state”], [“eagle shot
state”] and [“hawk shot state”] (state represents the specific name of one of the 50 US states used in the query). We limited our search to
the first 10 pages of results and to news articles published between 2000 and 2021. We excluded duplicate records of the same incident
(i.e., >1 news outlet reporting the same story). We focused exclusively on raptors shot with firearms and excluded articles that
involved raptors shot with other instruments (e.g., arrows, nail guns).

We supplemented our review of news articles with records from a select set of raptor mortality data sources. First, we requested
information on the number of shot raptors processed between 2000 and 2021 at The Raptor Center (TRC) in Wyoming and at the US
Geological Survey (USGS) National Wildlife Health Center (NWHC) in Wisconsin. Second, we evaluated data from the USGS Bird
Banding Lab (BBL) in Maryland for shot birds encountered between 2000 and 2021. Finally, we included data from one scientific
publication on causes of death of telemetered golden eagles between 1997 and 2013, which are one of the most commonly shot raptors
(Millsap et al., 2022). Because this supplemental dataset was not collected in a standardized manner and also contains geographical
biases, we report results from this survey separately from review of news reports.

Our systematic searches identified 210 illegal shooting events covered by news outlets (Fig. 1). These articles documented raptor
shootings in 47 states; no articles were retrieved from Nevada, Ohio, or Wyoming. California and Idaho had the highest number of
articles reporting the illegal shooting of raptors, with 12 and 11, respectively.

The select set of raptor fatality data provided data on 207 location-specific raptor shooting events. Similar to data from news
articles, most states had records of raptor shootings. Idaho, Wyoming, and California had the highest numbers of records, with 32, 17,
and 15, respectively.

These supplemental data may be skewed in a number of ways. For example, TRC sits near the border of Idaho and Wyoming, and
these states also host many eagles tracked by Millsap et al. (2022). Despite these biases, these data are useful in that they are
representative of the best available sources of information on raptor shooting. That said, they are not sufficient to draw other in-
ferences (e.g., rates of shooting), as they are not from standardized studies and are from only a small fraction of the rehabilitation and
wildlife health laboratories in the country.

Taken together, these two sources of data provide preliminary information that illustrates that illegal shooting of raptors is a
nationwide phenomenon. These data perhaps also indicate regional variation in rates of shooting, public interest, and reporting. For
example, our search did not yield any news articles in Wyoming. However, Wyoming had the second-highest number of records in the
fatality data. All this information can be useful in developing strategies to address this problem.

5. Addressing the Issue

The history and geographic scope of illegal raptor shooting in the USA demonstrate that this is a significant conservation challenge.
Further, the complexity of the problem suggests that a solution will likely require more than a singular perspective or approach
(Wickson et al., 2006). In previous work, ecologists often have approached issues of human-raptor interactions, persecution, and
coexistence primarily from an ecological perspective—focusing on the effects and proximate causes, rather than ultimate causes such
as human behavior and socio-political factors (Canney et al., 2021; but see Thirgood and Redpath, 2008, and associated work, for an
exception to this pattern). Raptor conservation in North America has traditionally involved landscape protection and ecological re-
covery efforts for threatened and endangered species (McClure et al., 2022). Though biological and ecological perspectives are
essential facets of raptor conservation, contemporary human-wildlife issues involving raptors in the USA are, in many cases, related
less to competition for resources or species scarcity and more to the increasing proximity of, and interactions between, raptors and
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humans. As such, there is an opportunity to shift the research and practice landscape toward building transdisciplinary partnerships
that facilitate problem-focused and contextualized conservation action (Saunders et al., 2021). In this framing, the word trans-
disciplinary is used to mean that multiple sectors in and out of traditional scientific research institutions formulate a problem definition
and jointly address the problem (Cundill et al., 2015). Thus, a transdisciplinary approach means integrating knowledge and technical
approaches from not only biology and ecology, but also from fields such as sociology and criminology that focus on the inherent social
elements of this problem.

Here, we propose a transdisciplinary framework based on our media and literature review above and our collective experiences
with the widespread conservation challenge of illegal shooting of raptors in the USA. Our approach is based on six steps (“best
practices”) drawn from multiple disciplines. Finally, we provide a brief case study of implementation of this framework designed to
address the illegal shooting of raptors in the “Intermountain West” region of the United States. Presentation of this case study is
structured to follow the six steps below, and thus provides an example of how each of these steps may be implemented. Although we do
not specifically discuss fund-raising, it should be understood that the framework we propose does rely on financial resources sufficient
to achieve these actions.

5.1. Understand the biology of the problem

A dearth of biological knowledge on illegal shooting of raptors is a key challenge that researchers and practitioners face to mitigate
this activity (Katzner et al., 2020). There are two main unknowns in the realm of ecology: the extent of shooting (e.g., spatial and
temporal distribution, species targeted, associated land-use practices) and the relative contribution of shooting to raptor mortality
(and, by extension, its demographic relevance). Obtaining reliable information on these unknowns requires field surveys and nec-
ropsies that have, in most regions, not been attempted or reported in a consistent or systematic manner. Despite these data gaps,
collective efforts by USA-based researchers, managers, and law enforcement officers are beginning to compile information that allows
insights into the scope and significance of illegal shooting in specific regions. For instance, research in Idaho suggests that the
confluence of power lines, road density, human population centers, and recreational areas may increase the probability of raptor
shootings and mortality (Katzner et al., 2020). Further research in the Intermountain West suggests the presence of discrete spatio-
temporal patterns—hotspots—of illegal shooting (Thomason et al. in review). Collecting sufficient biological and ecological data to
uncover potential patterns is an important first step in the process to understand and address the underlying factors contributing to the
illegal shooting of raptors.

5.2. Build professional networks and partnerships

Focused, collaborative, multi-institutional, and locally-led initiatives are associated with higher probabilities of success when
addressing conservation challenges (Brooks et al., 2013; Thomas and Mendezona Allegretti, 2020). Relative to raptor conservation,
there is a long history of such collaborative initiatives. These are exemplified by the extensive public-private partnerships that led to
the captive breeding and reintroduction programs of peregrine falcons (Falco peregrinus; Cade and Enderson, 1988) and California
condors (Gymnogyps californianus; Snyder and Snyder, 2000). Today, collaborative networks and partnerships remain common in
raptor conservation. One example is the partnerships among power utility companies, agencies, and researchers that collectively
address electrocutions of birds along power lines (Avian Power Line Interaction Committee; see www.aplic.org, [APLIC, 2006]) and
interactions of wildlife and renewable energy facilities (Renewable Energy Wildlife Institute; see www.rewi.org, [REWI, 2023]).
Similarly, public-private partnerships and networks of volunteers coordinate hawk migration count sites and data management across
North America (e.g., Hawk Migration Association of North America; www.hmana.org, [HMANA, 2023]). Likewise, within the broader
avian conservation community, US Fish and Wildlife Service (USFWS) Joint Ventures serve as exemplars in their ability to involve
federal, tribal, state, local, corporate, private landowner, and nongovernmental organizations in partnerships to implement bird
conservation programs (USJV, 2018). In the case of raptor shooting in the USA, collaborations could include multiple jurisdictions at
the state, tribal, and federal levels, and the intersection of management, law enforcement, electricity distribution, and research. Both
the literature review (as cited above) and our experience (see Supplemental Materials) suggest that establishing these partnerships is
an important step in the path toward addressing the complex challenge of illegal raptor shooting.

5.3. Build engagement and public support

Closely related to networks and partnerships is leveraging engagement and support among various publics (McAfee et al., 2020).
Wildlife crimes often occur in rural or isolated areas where there are few officers to gain compliance and enforce the law across vast
jurisdictions. Consequently, it is rare for officers to witness wildlife crimes. For example, only an estimated 1-5% of incidents of
poaching of game animals are brought to the attention of law enforcement (Leavitt et al., 2020). Therefore, engaging hunters, anglers,
and other recreationists to report wildlife crimes and to encourage others to adhere to wildlife laws can benefit conservation (Peterson
et al., 2019). Raptors, in particular, are charismatic fauna well suited to this type of engagement and public support. For example, the
bald eagle is the national bird and symbol of the USA, and at least two states have an official “state raptor”—Idaho designates the
peregrine falcon (IDFG, 2004) and Utah the golden eagle (UDWR, 2022). Thus, the symbolism of these species allows them to be
leveraged in outreach and engagement, and to build public support, to the extent that a number of global conservation NGOs are
focused exclusively on this taxon (e.g., The Peregrine Fund). Leveraging engagement and public support is, therefore, another
important step in the process to address the problem of illegal raptor shooting.
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5.4. Apply human-wildlife interaction insights and principles

Principles from research on human-wildlife interactions (HWI) can provide insights into the social and cultural landscapes in which
conservation challenges occur (Frank, 2014). HWI literature generally indicates that as human populations, habitat encroachment, and
development increase, so will the number of interactions between humans and wildlife. Interactions can be positive or negative for
both wildlife and humans. For example, habitat improvement projects that promote human well-being and increase available re-
sources for wildlife can be mutually beneficial (Buij and Jacobs, 2020). In contrast, when humans perceive their well-being as
threatened (Bessa, 2020) or perceive wildlife species as pests (Frank et al., 2019), outcomes are rarely positive for wildlife.

Sometimes coincident with human-wildlife interactions is human-human conflict (HHC), which can arise when the interests of one
party are in opposition to another. Potentially relevant to raptor shooting, cases of HHC tend to involve differences in values, beliefs,
and land-use objectives or management goals (Fraser-Celin et al., 2018; Salom et al., 2021). Thus, taking into consideration the
priorities and opinions of land users can provide insight into sources of conflict, encourage involvement and open dialogue between
affected groups, and improve planning and regulatory processes. Applying considerations from the field of HWI, and understanding
HHC, therefore, can improve the success of conservation actions (Fraser-Celin et al., 2018), such as those that may be proposed to
address illegal shooting of raptors.

5.5. Apply criminology and legal perspectives

Criminology and perspectives from legal scholarship may help researchers, managers, and law enforcement officers better un-
derstand the “why” behind illegal raptor shooting. Criminologists study crime and deviant behavior from social and behavioral
perspectives (Sutherland et al., 1992), investigating motivations and rationalizations, deterrence methods, and reactions to sentencing
(Wilson and Boratto, 2020). Particularly relevant to conservation challenges, neutralization theory suggests that offenders tend to
rationalize exceptions to the rule of law via denials of their own responsibility, of the necessity of the law, or of the victim (Sykes and
Matza, 1957). Other common rationalizations include condemnation of condemners (e.g., blaming government or law enforcement for
a perceived situation), entitlement, or claims that “everyone is doing it” (Coleman, 1994). While commonplace in investigations of
crimes committed against humans, principles of criminology are underutilized in conservation and wildlife crime (Kurland and Pires,
2017; Wilson and Boratto, 2020). The initial review in our manuscript suggests that, aside from the removal of government-sanctioned
bounties and despite the promulgation of laws forbidding the activity, the general motivations to shoot raptors have not changed over
the last century. Thus, similar to the application of HWI principles and insights, criminology and legal perspectives can assist in
understanding context-specific motivations that, in turn, could inform effective enforcement and management decisions (Eliason,
2003) to address illegal shooting of raptors.

5.6. Apply implementation science insights and principles

The effectiveness of conservation actions is rarely assessed, and the failure to assess effectiveness can negatively impact imple-
mentation and outcomes (Santika et al., 2022). Moreover, conservation can stall when implementation strategies are inappropriate for
or incongruent with the conservation context (Porzecanski et al., 2022). In contrast, effective assessment can orient implementation
strategies appropriately to the conservation context (e.g., “what works, when, and why”). Assessment can be achieved using insights
and principles from implementation science to help programs monitor, evaluate, adapt, and refine conservation and management
actions. Implementation science is the study of strategies and methods to promote the systematic adoption and integration of research
findings and evidence-based practices into routine use (Lobb and Colditz, 2013). Implementation science considers multiple scales and
measures of success and provides information well suited to adaptively modify intervention methods and management strategies
(Michie et al., 2011; Albers et al., 2020; Ferreira and Kliitsch, 2021). In the case of illegal raptor shooting, assessment of effectiveness
and outcomes of mitigation and management strategies is uncommon. Consequently, it is challenging to identify successful strategies
that reduce the frequency of illegal shooting or change underlying sociocultural beliefs related to raptors. Despite relatively
high-profile legal cases (CDFW, 2019; DOJ, 202.2), illegal shooting of raptors is challenging to observe and report, and prosecutions are
rare. However, evidence suggests that reliance solely on law enforcement to manage wildlife crime is an ineffective long-term strategy
(Leavitt et al., 2020). Thus, effectively addressing the problem of raptor shooting, whether it be through educating the public, law
enforcement response, or management, could be improved via the use of implementation science to monitor, evaluate, adapt, and
refine intervention strategies.

5.7. Case study

To illustrate a real-world application of the proposed research framework to address raptor shooting, and to provide examples
specific to each of the sections above, we describe a transdisciplinary collaboration, the “Illegal Shooting Working Group” (ISWG,
Supplemental Material “Case Study”), which has been developed in Idaho, USA. ISWG activities initially began with field studies that
documented the biology of the problem. Once the basic components of the problem were understood, stakeholders began building
professional networks and partnerships and engaging and building public support to address the problem. These actions are still
ongoing today. Simultaneously, study of this problem has progressed to the point where social scientists have been recruited to help
apply principles from HWI and criminology, and to develop effective implementation science to monitor outcomes and improve
mitigative actions.
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The members of ISWG acknowledge the complexity and context-specific nature of raptor shooting while also recognizing that the
challenge cannot be solved by scientists, law enforcement, or resource agency managers alone. Furthermore, although the focus of the
group is on a single wildlife conservation problem, the issues faced may mirror those faced by other conservation practitioners and
researchers who deal with data deficiencies and discordant prioritizations and efforts among multiple actors. The detailed description
we provide in the Supplemental Materials illustrates some of the nuances involved in the six steps we took towards addressing this
complex conservation problem and may provide insight for others charting their own courses to address this or other similar
implementation challenges.

6. Conclusion

Illegal shooting of raptors is a global conservation concern, and recent studies suggest that the activity may be more common than
previously thought. Despite a long history of shooting in North America, knowledge gaps persist in our understanding of the issue and
its demographic relevance to wildlife. Furthermore, data deficiencies and discordant prioritizations can hinder enforcement and
management efforts, and the effectiveness of short- and long-term management strategies to address this problem is relatively
unknown.

There is a path forward for addressing this conservation issue. Because of increased concern about the negative impacts of illegal
shooting, there is substantial interest among local, state, and federal agencies to build upon partnerships and address this threat
collaboratively. Moreover, efforts are underway to prioritize this issue within management agencies and to acquire funding to conduct
much-needed targeted research. Additionally, partnerships with industry have increased access to study sites and raptor carcasses, and
collaboration with state wildlife health laboratories or veterinary facilities has increased the frequency of necropsies and assessment of
causes of death of birds.

This report is among the first to shed light on the complexity of the ecological, geographical, and sociological components of illegal
shooting of raptors. The best practices we have highlighted may serve as a starting point to aid research, planning, and conservation
efforts to address illegal shooting in North America. As human activities increasingly threaten raptor populations globally, addressing
the long-standing practice of shooting raptors is an important step in the process of conserving biodiversity and reducing human-
caused mortality of wildlife.
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